The nucleotide sequence of cloned cDNA copies of cowpea strain of tobacco mosaic virus RNA including the 30K protein cistron was determined. The 30K protein cistron was located at residue 676-1,527 from the 3 1 end of the genomic RNA. The 30K protein was composed of 282 araino acid residues and was basic, similar to the 30K protein of common strain OM. However, homology of the amino acid sequences between the two strains was only 27%.
I -SNA was found, for the first time, in preparations of cowpea strain TMV (4) , and successively in TMV common strain, strain K and tomato strain (1) .
The cistron of the 30K protein is known to be adjacent to and precede the coat protein cistron (1, 3) . There is no definite information as to the function of the 30K protein, but it has been speculated that the protein might be implicated in the function of cell-to-cell movement of virus or viral genome in the plant tissues (8) .
Ue have recently reported the nucleotide sequence of the 3OK protein cistron of the common strain (OH) of TMV (9) . It was revealed that the 3OK protein cistron was located between residues 687 -1,493 from the 3'end of the genomic SNA preceding the coat protein cistron. The 30K protein was a basic protein and the molecular weight was 29,791.
O IRLPren Limited, Oxford, England.
In this work, the nucleotide sequence of the 30K protein cistron of the cowpea strain (Cc) of THV was determined and the structure of the 30K protein was compared with that of OM strain. The results show that the horaology of the primary sequences between the 30K proteins of Cc and OM TMV is only 2796 but some similarities are found in the character of both proteins.
MATERIALS AHD METHODS
Recombinant plasmids, pCc8C5 and pCc6D4, which contain cDNA copies of Cc RNA, were used for sequencing. Characterization of the former has been reported (10, 11) . pCc6D4 was the plasmid of slot 3 in Figure 4 of the previous paper (10) . Preparation and restriction digestions of plasmid DNA were carried out by the described method (10, 11) . Dephosphorylated restriction fragments ( Hindi, BstNI, TaqI and Hhal digests of pCc8C5 and Hindi, EcoRI, Hinfl and Hhal digests of pCc6D4 ) were labeled at their 5'ends using polynucleotide kinase (Takara Shuzo Co.) (12) . Nucleotide sequences of end-labeled fragments were determined by the method of Max am and Gilbert (12) with slight modification (13) .
RESULTS AMD DISCUSSION
Nucleotide sequencing of the 30K protein cistron
To determine the nucleotide sequence of the 30K protein cistron, we used two recombinant plasmids, pCc8C5 and pCc6D4. The length of the insert of pCc8C5 was about 1,700 nucleotides long and it carried the 3' terminal sequence of the genomic RNA (10, 11) . pCc6D4 has a long cDNA insert of about 2,400 nucleotides. Comparing the restriction map of pCc6D4 with that of pCc8C5, pCc6D4 was lacking in the sequence of about 250 nucleotides at the 3'end of genomic RNA. Fig. 1 shows the restriction map of two plasmids corresponding to 2,600 nucleotides at the 3'end and the strategy for sequencing of the 30K protein ciBtron.
Nucleotide sequence of the C-terminal portion of the 30K protein cistron and its overlap with the coat protein cistron have already been reported (11) . At first, the sequence of the cDNA insert of pCc8C5 was completely determined. It was revealed that the 30K protein cistron, a long open frame preceding the coat protein cistron, started from AUG at residues 1,525 -1,527 and terminated in the coat protein cistron by UAG at residues 676 -678 from the 3'end ( There was no difference between the sequences of the 30K protein cistrons determined using both plasmids but one mismatch was found in the 5 1 flanking sequence. Residue 1,553 was G in pCc8C5 and A in pCc6D4 (Fig. 2 ).
This may reflect sequence heterogeneity in the RNA population used for cloning. Considering the open frame upstream from the 30K protein cistron which is shown below, the residue in question is the third base of a codon and the change of the residue did not cause an amino acid change. Therefore, we did not carry out sequencing to determine the residue using a third plasmid.
Some characteristics of Cc 30K protein
The 30K protein of Cc strain is composed of 282 amino acid residues, which is 15 residues longer than OH 30K protein, and the molecular weight was calculated as 30,801. This is in good agreement with the expected value from in vitro translation experiments (4). We can speculate that the 30K protein has the same function in TMV common strain and cowpea strain, and so expect that both proteins would have similar characteristics in their structure. The amino acid composition was similar to that of OH 3OK protein, 
ACAGA6TaGTAnTGAJGATS6CATAaCGAnCCGACTCaAGTCAACnGTGTATTnACTGAAAAnACGCTGAnACAT
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Coat Protttin Cistron Fig.2 Ilucleotide sequence and deduced ami no acid sequence of the 30K protein cistron of TMV Cc RHA. The number of the nucleotides, indicated at the right side, begins at the 3' end of the genoraic RNA (11) . A short vertical arrow indicates the capping site of the coat protein mRNA (15) . Initiation codon(s) of the coat protein cistron are underlined.
although the number of Met, Leu, Asn and Ser residues were quite different (Table 1 ). The Bum of the basic residues was 40 while the total of acidic residues was 36, and so Cc 30K protein will be as basic as OH 30K protein (9) .
These charged residues were mainly located in the C-terminal portion, that is, 34 residues out of 76 were found in residues 191 -282 from the N-terminus of the protein. These characteristics are very similar to those of OH protein.
The primary sequence of the Cc 30K protein was, however, dissimilar to Fig. 3 . In this alignment the homology was only 27% when one gap was calculated as one mismatch. This value is much lower than the homology between the coat proteins, which was calculated as 45% (11, 14) . The reason for the difference is not clear at present. However, it might be explained after the function of the 3OK protein has been resolved. region of the 0M 30K protein cistron has been shown also to be U-rich (9) , although the precise capping site on the genomic RNA to produce I -RNA has not been determined. Fig. 4 shows the alignment of 5' flanking sequences of 0M and Cc 3OK protein cistrons. The 5' flanking sequence of the Cc 30K cistron is also U-rich (residue 1,530 -1,590) and, moreover, highly homologous to that of 0M. However, we could not find striking homologous sequence to the region near the capping site of CP mRNA (residue 711 from the 3'end, Fig. 2) . The results suggest that some consensus sequence rich in U might be concerned with the mechanism producing the subgenomic mRNA (3) . We have shown that the 30K protein cistron of Cc terminated within the coat protein cistron. Therefore, the 30K protein cistron of Cc TMV overlaps adjacent cistrons at both ends.
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